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(54) SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a surface acoustic wave filter where 
steepness of the filter characteristic toward high frequencies of the pass band is 
enhancedminiaturization is facilitated and deterioration in the attenuation at 
frequencies apart from the pass band is hardly caused. 
SOLUTION: In this filtera plurality of one-terminal pair surface acoustic 
wave(SAW) resonators are formed on a piezoelectric substrate to configure a 
ladder circuit and a gap W2 between bus bars 45 and tips of electrode fingers 76 
connected to the bus bars 54 opposite to the bus bars 45 in at least one-terminal 
pair SAW resonator interdigital transducer is selected to be a range of 0.50-4 A . 



CLAIMS 



[Claim(s)] 

[Claim 1]A piezoelectric substrate. 

Have two or more interdigital transducers from which it is formed on said 
piezoelectric substrateand each constitutes a 1 terminal-pair surface acoustic 
wave resonatorand each interdigital transducer A bus bar of a coupleOne end is 
connected to a bus barit has two or more electrode fingers with which the other 
end is extended toward a bus bar of another sideand they are a series arm and a 
parallel arm. 

Are the above the surface acoustic wave filter which it hadand A bus bar of at 
least one interdigital transducerWith this bus barwhen a gap between tips of an 
electrode finger connected to a bus bar of an opposite hand sets wavelength of a 
surface acoustic wave to lambdait is considered as the range of 0.50lambda- 
4lambda. 

[Claim 2]The surface acoustic wave filter according to claim 1 in which a gap 



between said bus bar and a tip of an electrode finger is made into the range of 
0.50lambda-4lambda in an interdigital transducer which constitutes at least one 1 
terminal-pair surface acoustic wave resonator connected to said series arm. 
[Claim 3]The surface acoustic wave filter according to claim 2 in which a gap 
between said bus bar and a tip of an electrode finger is made into the range of 
0.50lambda-4lambda in each interdigital transducer which constitutes all the 1 
terminal-pair surface acoustic wave resonators connected to said series arm. 
[Claim 4]The surface acoustic wave filter according to any one of claims 1 to 3 in 
which said piezoelectric substrate is a LiTa0 3 board. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the surface acoustic wave filter 
connected more to details so that two or more 1 terminal-pair surface acoustic 
wave resonators may constitute a ladder type circuit about the surface acoustic 
wave filter used for a band-pass filterfor example. 
[0002] 

[Description of the Prior Art]Conventionallythe surface acoustic wave filter is 
widely used as a band-pass filter. For examplethe surface acoustic wave filter 
which constitutes a ladder type circuit using two or more 1 terminal-pair surface 
acoustic wave resonators (1 terminal-pair SAW resonator) is indicated by JP56- 
19765B. 

[0003]The surface acoustic wave filter of the above-mentioned ladder type circuit 
composition is explained with reference to drawing 9 and drawing 10 . The parallel 
arm which connects the series arm which connects an input edge and an outgoing 
enda series armand a reference potential comprises this surface acoustic wave 
filter. 1 terminal-pair SAW resonator S1 is connected as a series arm 
resonatorand 1 terminal-pair SAW resonator P1 is connected to the series arm as 
a parallel arm resonator at the parallel arm. In drawing 9 although only one series 
arm resonator and one parallel arm resonator are illustratedthe number of a series 
arm resonator and parallel resonance children is suitably chosen according to the 
characteristic made into the purpose. 

[0004]The above-mentioned 1 terminal-pair SAW resonator has the electrode 
structure shown in drawing 10 . That isit has the interdigital transducer (it 
abbreviates to IDT hereafter.) 51 and the antenna reflectors 52 and 53 arranged at 
the both sides of IDT on a piezoelectric substrate (not shown). 
[0005]IDT51 has the bus bars 54 and 55 of the couple prolonged along a surface 
wave propagating direction. The end of two or more electrode fingers 56 is 
connected to the bus bar 54. The electrode finger 56 is extended toward the bus 
bar 55 side of the direction which intersects perpendicularly with a surface wave 
propagating directioni.e.the other party. Similarlythe end of two or more electrode 



fingers 57 is connected to the bus bar 55. 

Two or more electrode fingers 57 are extended toward the bus bar 54 side. 
The electrode fingers 56 and 57 are arranged so that it may put each other in 
between. 

[0006]The surface acoustic wave filter is constituted by constituting the ladder 
type circuit shown in drawing 9 using the above-mentioned 1 terminal-pair SAW 
resonator two or more. The magnitude-of-attenuation frequency characteristic of 
this surface acoustic wave filter is shown in drawing 1 1 . 

[0007]Since it is low-loss and a broadbandin the band-pass filter for cellular 
phonesetc.the surface acoustic wave filter which has the above-mentioned ladder 
type circuit composition is used broadly. Howeverin the portable telephonethe 
system by which the transmitting side frequency band and the receiver frequency 
band approached is used in recent years. Thereforein the band-pass 
filterimproving the steepness of filter characteristics [ / near the pass band ] is 
called for strongly. 

[0008]Thenin order to improve the steepness of the filter characteristics near the 
pass bandthe surface acoustic wave filter which has circuitry shown in drawing 12 
is indicated by JP9-167937A. Herethe capacitor 58 is connected in parallel with 
SAW resonator S1 among 1 terminal-pair SAW resonator [ which is connected to 
the series arm ] S1and S2. According to this advanced technologyby inserting the 
capacitor 58the antiresonant frequency of SAW resonator S1 can lowerand it is 
supposed that the steepness of the filter characteristics by the side of the wide 
area of a pass band will be improved. 
[0009] 

[Problem(s) to be Solved by the Invention]Howeversince it was necessary to 
insert the capacitor 58 in JP9-167937A by the method of a statementit was 
difficult for the size of a surface acoustic wave filter to become largeand to deal 
with the miniaturization of a portable telephone etc. Since the capacity by the 
capacitor 58 was added to SAW resonator S1 there was also a problem that the 
magnitude of attenuation in the frequency area distant from the pass band fell. 
[0010]In the surface acoustic wave filter of ladder type circuit compositionthe 
magnitude of attenuation is determined by the capacity factor of a parallel arm 
resonator and a series arm resonator in the frequency area distant from the pass 
band. Generallyif the capacity of a series arm resonator becomes large 
relativelythe magnitude of attenuation will fall. Thereforewhen the capacitor 58 is 
connected to the above-mentioned advanced technology in parallel with the series 
arm resonator S1 like a statementthe magnitude of attenuation outside a pass 
band gets worse like the case where the capacity of a series arm resonator is 
raised. 

[001 1]In order to prevent the fall of the magnitude of attenuation in the frequency 
area distant from the above pass bandsit is thought that what is necessary is just 
to make small capacity by the electrode of a series arm resonator. Howeverif 
capacity by the electrode of a series arm resonator is made smallit is necessary to 
make the logarithm and crossing width of an electrode finger smalland it will 



become very difficult to acquire the resonance characteristic considered as a 
request. 

[0012]It not only can improve the steepness of the filter characteristics by the 
side of the wide area of a pass bandbut the purpose of this invention is easy to 
miniaturizeand there is in providing the surface acoustic wave filter which the fall 
of the magnitude of attenuation in the frequency area distant from the pass band 
does not produce easilywhich acquires the good resonance characteristic and 
which can carry out things. 
[0013] 

[Means for Solving the Problem]This invention is made in order to attain an 
aforementioned problemand A piezoelectric substrateHave two or more IDT(s) 
from which it is formed on said piezoelectric substrateand each constitutes a 1 
terminal-pair SAW resonatorand each IDT A bus bar of a coupleOne end is 
connected to a bus bar and it has two or more electrode fingers with which the 
other end is extended toward a bus bar of another sideln a surface acoustic wave 
filter to which two or more 1 terminal-pair SAW resonators are connected so that 
a ladder type circuit which has a series arm and a parallel arm may be 
constitutedWhen a gap between tips of an electrode finger connected to a bus bar 
of an opposite hand sets wavelength of a surface acoustic wave to lambdalet a 
bus bar and this bus bar of at least one IDT be the range of 0.50lambda-4lambda. 
[001 4] Let the above-mentioned gap between a bus bar and an electrode finger tip 
be the range of 0.50lambda-4lambda in IDT which constitutes at least one 1 
terminal-pair SAW resonator connected to a series arm from a specific aspect of 
affairs of this invention. 

[0015]Let the above-mentioned gap between tips of a bus bar and an electrode 
finger be the range of 0.50lambda-4lambda in IDT which constitutes all the 1 
terminal-pair SAW resonators connected to a series arm from a more specific 
aspect of affairs. 

[0016]In this inventionpiezoelectric single crystal boardssuch as LiTa0 3 and 
LiNb0 3 and a substrate which consists of various piezoelectric material like 
electrostrictive ceramics like titanic acid Jill Cong Sun lead system ceramics can 
be used as the above-mentioned piezoelectric substrate. As a piezoelectric 
substratewhat laminated a piezoelectric thin film may be used on an insulating 
substrate which consists of insulating materialssuch as aluminaand electrodessuch 
as IDTmay be formed in any of the upper surface of a piezoelectric thin filmand 
the undersurface in that case. Preferablyas the above-mentioned piezoelectric 
substratea LiTa0 3 board is used for claim 4 like a statement. 
[0017] 

[Embodiment of the Inventionj Drawing 1 (a) is a figure showing the circuitry of the 
surface acoustic wave filter concerning one example of this inventionand drawing 1 
(b) is a top view showing the electrode structure of one 1 terminal-pair SAW 
resonator used in this example. 

[0018]As shown in drawing 1 (a)the surface acoustic wave filter of this example 
has ladder type circuit composition. That isthe series arm is constituted between 



the input edge IN and the outgoing end OUTand two or more parallel arms are 
constituted between this series arm and the reference potential. 
[001 9]1 terminal-pair SAW resonator S1 and S2 are connected to the series arm 
as a series arm resonator. Each 1 terminal-pair SAW resonators P1-P3 are 
connected to each parallel arm as a parallel arm resonator. The parallel arm 
resonator and the series arm resonator are arranged by turns like a graphic display 
toward the outgoing end OUT from the input edge IN. 

[0020]But in this inventionthe number of a series arm resonator and parallel arm 
resonators is not limited to the example of a graphic display, namely — it may be 
the structure of having only one parallel arm resonator and one series arm 
resonator — three or more — the parallel arm owner may be carried out. 
[0021]The electrode structure of above-mentioned 1 terminal-pair SAW resonator 
S1S2P1 - P3 is explained with reference to drawing 1 (b). In the 1 terminal-pair 
SAW resonatorthe antenna reflectors 2 and 3 are arranged at the surface wave 
propagating direction both sides of IDT1. 

[0022]IDT1 has the bus bars 4 and 5 of the couple which separated prescribed 
distance and was extended in parallel. The end of two or more electrode fingers 6 
is connected to the bus bar 4and the end of two or more electrode fingers 7 is 
connected to the bus bar 5. The electrode fingers 6 and 7 are extended toward 
the other party's bus bars 5 and 4and they are arranged so that it may put each 
other in between. 

[0023]The antenna reflectors 2 and 3 are constituted by the grating antenna 
reflector which short-circuits the both ends of two or more electrode fingers. In a 
1 terminal-pair SAW resonatorwhen a volts alternating current is impressed 
between the electrode fingers 6 and 7IDT1 is excited and a surface wave occurs. 
This surface wave is shut up between the antenna reflectors 2 and 3and the 
resonance characteristic based on this surface wave is taken out. 
[0024]In the surface acoustic wave filter which constitutes a ladder type circuit in 
this invention using two or more above-mentioned 1 terminal-pair SAW 
resonatorsWhen the gap W2 between the tips of the electrode finger connected to 
the bus bar of an opposite hand sets wavelength of a surface acoustic wave to 
lambdathe bus bar and this bus bar of IDT of at least one 1 terminal-pair SAW 
resonatorlt is considered as the range of 0.50lambda-4lambdaand the steepness of 
the filter characteristics by the side of the high region of a pass band is improved 
by it. Belowthis is explained. 

[0025]The method of reducing the ripple which exists between the resonance 
frequency and antiresonant frequency in the 1 terminal-pair SAW resonator using 
the piezoelectric board which consists of LiTa0 3 is indicated by JP6-232682A. 
The electrode structure of a 1 terminal-pair SAW resonator given in this advanced 
technology is shown in drawing 13 . Although the antenna reflector 52 arranged at 
the one side of IDT51 is illustrated in drawing 13 about the antenna reflector 
arranged at the other sideit points out having omitted the graphic display. 
[0026]The crossing width W1 of the electrode fingers [ in / with this advanced 
technology / IDT51 ] 56 and 57If the ratios W1/W2 with the gap length W2 



between the tips of the electrode fingers 57 and 56 connected to the bus bars 54 
and 55 and the other party's bus bar are made more than a certain fixed valuelt is 
shown that the influence of the ripple which exists between resonance frequency 
and antiresonant frequency peculiar to a LiTa0 3 board can be inhibited. That isby 
narrowing the above-mentioned gap length W2 compared with the crossing width 
W1 generating of SSBW can be prevented and it is supposed that it is possible to 
inhibit the influence of the above-mentioned ripple by it. 

[0027]Like the statement to the above-mentioned advanced technologyin order 
that generating of SSBW may degrade the characteristic in a surface acoustic 
elementit is thought that it is not desirableand the above-mentioned gap length W2 
was considered that what is necessary is just to make it as narrow as possible. 
[0028]On the other handin this inventionthe above-mentioned ripple is used 
positively and improvement in filter characteristics is achieved by it. That isthe 
above-mentioned ripple considered that this invention needs to oppress as much 
as possible is used positivelyand improvement in filter characteristics is aimed at 
by it. 

[0029]In the 1 terminal-pair SAW resonatorinvention-in-this-application persons 
found out experimentally that the frequency of the above-mentioned ripple could 
be controlled freely by seting the crossing width W1 constant and changing only 
the above-mentioned gap length W2. This is explained with reference to drawing 2 . 
[0030] Drawing 2 shows the relation between the size of the above-mentioned gap 
length W2 in a 1 terminal-pair SAW resonatorand the frequency position of the 
above-mentioned ripple generated between resonance frequency and antiresonant 
frequency. Frequency **f/fO of a vertical axis is the value standardized 
considering deltaf and resonance frequency as fO in the interval of the frequency 
which a ripple generatesand the resonance frequency of a surface acoustic 
element. 

[0031]By changing the gap length's W2 size shows that the frequency which a 
ripple generates is changing according to change of the gap length's W2 size so 
that clearly from drawing 2 . 

[0032]On the other handin the surface acoustic wave filter which has ladder type 
circuit compositiondesired filter characteristics are acquired by combining the 
resonance characteristic of two or more 1 terminal-pair SAW resonators, 
therefore — if the above-mentioned ripple is moved to the frequency position 
where it is required to enlarge the magnitude of attenuation — this — the 
magnitude of attenuation in a required frequency position is expandable. 
Especiallyin ladder type circuit compositionthe frequency position of a ripple can 
be moved to the shoulder by the side of the pass band quantity region of a surface 
acoustic wave filter by changing the gap length W2 at a bus bar and the tip of an 
electrode finger in the 1 terminal-pair SAW resonator which constitutes the series 
arm resonator. Thereforethe steepness of the pass band quantity region side filter 
characteristic can be improved. 

[0033]Nextin the surface acoustic wave filter of this examplewhen changing the 
gap length W2 of a series arm resonatorit is explained how the filter 



characteristics by the side of a pass band quantity region change. 
[0034]In the surface acoustic wave filter shown in drawing 1 (a) drawing 3 shows 
change of the steepness of the filter characteristics by the side of the pass band 
quantity region of the surface acoustic wave filter at the time of changing the 
above-mentioned gap length W2 in 1 terminal-pair SAW resonator S1 and S2 
which constitute the series arm resonator. The steepness (a unit is MHz) of filter 
characteristics [ / near the pass band ] was defined as follows. That isin the filter 
characteristics of the surface acoustic wave filter shown in drawing 4 the 
magnitude of attenuation made the difference of the frequency position which is 5 
dBand the frequency position which is 10 dB the steepness of filter 
characteristics at the high region side of a pass band. Thereforeit means that the 
steepness of filter characteristics is improvedso that this steepness (MHz) is small. 
[0035]The above-mentioned gap length W2 in the 1 terminal-pair SAW resonator 
which constitutes the series arm resonator so that clearly from drawing 
3Correlation is between the steepness of the filter characteristics by the side of 
the pass band quantity region of a filterand especiallywhen gap length is more than 
0.50lambdait turns out that the steepness of filter characteristics is improved 
rapidly. 

[0036]Thereforein the surface acoustic wave filter which connects two or more 1 
terminal-pair SAW resonators to a ladder formlf gap length W2 is made more than 
0.50lambda in the 1 terminal-pair SAW resonator which constitutes the series arm 
resonatorit turns out that filter characteristics excellent in the steepness by the 
side of a pass band quantity region are acquired. 

[0037]If the above-mentioned gap length W2 becomes larger than 4 lambda too 
muchthe steepness of filter characteristics will fall so that clearly from drawing 3 . 
Thereforein order to improve the steepness by the side of the high region of filter 
characteristicslet the above-mentioned gap length W2 be the range of 
0.50lambda-4lambda. 

[0038]Nextit explains per concrete example of an experiment of the surface 
acoustic wave filter of the above-mentioned example. 

(1st example of an experiment) The LiTa0 3 board of 36 degreeY cut X propagation 
was used as a piezoelectric substrate. On this piezoelectric substratethe 
electrode which connects each 1 terminal-pair SAW resonators and these 1 
terminal-pair SAW resonators was formed so that the circuitry shown in drawing 1 
(a) might be realized, aluminum was used about the electrode material which 
connects the electrode material and these which constitute a 1 terminal-pair SAW 
resonator. 

[0039] 1 terminal-pair SAW resonators P1-P3 which constitute 1 terminal-pair 
SAW resonator S1S2and the parallel arm resonator which constitute a series arm 
resonator were formed as followsrespectively. 

[0040]** 1 terminal-pair SAW resonator S1S2 (series arm resonator) — Above- 
mentioned gap length W2=1.0lambda in 80 pairs of logarithm of an electrode 
fingerthe electrode finger crossing width of 40 micrometers (10.5 lambda)and 
IDTnumber =100 of the electrode finger of an antenna reflector. 



[0041]** 1 terminal-pair SAW resonator P1P3 (parallel arm resonator) — Number 
=100 of the electrode finger of 40 pairs of logarithm of an electrode fingerthe 
electrode finger crossing width of 80 micrometers (20 lambda)and an antenna 
reflectorgap length W2=0.25lambda. 

[0042]** 1 terminal-pair SAW resonator P2 (parallel arm resonator) — Number 
= 100 of the electrode finger of 80 pairs of logarithm of an electrode fingerthe 
electrode finger crossing width of 200 micrometers (50 lambda)and an antenna 
reflectorgap length W2=0.25lambda. 

[0043] 1 terminal-pair SAW resonator S1 constituted as mentioned above and the 
impedance frequency characteristic of S2 (series arm resonator) are shown in 
drawing 5 . The ripple shown by the arrow A appears between resonance frequency 
and antiresonant frequency so that clearly from drawing 5 . By this examplethe 
steepness by the side of a pass band quantity region is improved by moving this 
ripple A to the pass band quantity region side of a surface acoustic wave filter. 
[0044]A solid line shows the magnitude-of-attenuation frequency characteristic of 
the surface acoustic wave filter constituted as mentioned above to drawing 6 . A 
dashed line shows the filter characteristics of the surface acoustic wave filter 
constituted like the above-mentioned example except for having set above- 
mentioned 1 terminal-pair SAW resonator S1 and gap length W2 in S2 (series arm 
resonator) to W2=0.25lambda for comparison to drawing 6 . Since 1 terminal-pair 
SAW resonator S1 and the above-mentioned gap length W2 in S2 are set to 1.0 
lambda according to this example so that clearly from drawing 6 It turns out that it 
compares with the surface acoustic wave filter prepared for comparisonand the 
steepness of the filter characteristics by the side of a pass band quantity region is 
improved effectively. 

[0045](2nd example of an experiment) Except for having changed the composition 
of 1 terminal-pair SAW resonator S1S2and 1 terminal-pair SAW resonators P1-P3 
as a parallel arm resonator as followsthe surface acoustic wave filter was obtained 
like the 1 st example of an experiment. 

[0046]** 1 terminal-pair SAW resonator S1S2 (series arm resonator) — 80 pairs 
of logarithm [ of an electrode finger ]electrode-finger-crossing-width [ of 40 
micrometers (10.5 lambda) ]and gap length W2=2.0lambdanumber =100 of the 
electrode finger of an antenna reflector. 

[0047]** 1 terminal-pair SAW resonator P1P3 (parallel arm resonator) — Number 
= 100 of the electrode finger of 40 pairs of logarithm of an electronic fingerthe 
electrode finger crossing width of 80 micrometers (20 lambda)and an antenna 
reflector. 

** 1 terminal-pair SAW resonator P2 (parallel arm resonator) — Number =100 of 
the electrode finger in 80 pairs of logarithm [ of an electrode finger ]electrode- 
finger-crossing-width [ of 200 micrometers (50 lambda) ]and gap length 
W2=0.25lambdaand an antenna reflector. 

[0048]The impedance frequency characteristic of 1 terminal-pair SAW resonator 
S1 as a series arm resonator of the surface acoustic wave filter concerning the 
2nd example is shown in drawing 7 . The ripple shown by the arrow B appears near 



the antiresonant frequency so that clearly from drawing 7 . In the filter 
characteristics of a surface acoustic wave filterthe steepness by the side of a 
pass band quantity region can be improved by moving this ripple B to the pass 
band quantity region side of a surface acoustic wave filter. 

[0049]The solid line of drawing 8 shows the magnitude-of-attenuation frequency 
characteristic of the surface acoustic wave filter concerning the 2nd example. The 
dashed line of drawing 8 shows the magnitude-of-attenuation-frequency 
characteristic of the surface acoustic wave filter prepared in the 1st example of 
an experiment for comparison. 

[0050]Thereforealso in the 2nd example of an experimentit turns out that 1 
terminal-pair SAW resonator S1 and the above-mentioned gap length W2 of S2 
who constitute the series arm resonator are written with 2.0 lambdaand the 
steepness by the side of a pass band quantity region is improved. 
[0051 ][ near the **** of a pass band ]comparison of drawing 6 and drawing 8 
shows that the steepness by the side of a pass band quantity region is slightly 
inferior with the surface acoustic wave filter concerning the 2nd example of an 
experiment compared with the surface acoustic wave filter of the 1st example of 
an experiment. But in the surface acoustic wave filter concerning the 2nd example 
of an experimentconverselyalthough steepness [ / near the pole of a pass band ] 
is slightly inferiorit turns out that the steepness in a frequency area higher than 
this portion is improved. Compared with the 1st example of an experimentwith the 
surface acoustic wave filter concerning the 2nd example of an experimentthe 
frequency of 1 terminal-pair SAW resonator S1 which constitutes the series arm 
resonatorand the ripple of S2 becomes highand this is considered that the 
magnitude of attenuation was raised in the frequency position equivalent to the 
frequency which this ripple has generated. 

[0052]In the 1st and 2nd example of an experimentalthough the LiTa0 3 board of 36 
degreeY cut X propagation was usedwhen the LiTa0 3 board of cut angles other 
than 36 degree is usedthe same effect as the above is acquired. In this 
inventionthe piezoelectric board which consists of other piezoelectric material may 
be used as mentioned above. 

[0053]Although gap length W2 was made more than 0.50lambda in all the series 
arm resonators in the 1st and 2nd example of the abovelf gap length is made more 
than 0.50lambda in at least one series arm resonatorthe ripple generated between 
resonance frequency and antiresonant frequency in this series arm resonator can 
be usedand the steepness by the side of a pass band quantity region can be 
improved like the above-mentioned example. Thereforein this inventionthe gap 
length W2 should just be more than O.SOIambda in at least one SAW resonator 
which constitutes the series arm resonator. 

[0054]Also in the 1 terminal-pair SAW resonator which is not limited to a series 
arm resonator but constitutes the parallel arm resonatorlf the above-mentioned 
gap length W2 is made more than O.SOIambdathe steepness of filter characteristics 
[ / near the pass band ] can be too improved by changing the position of the ripple 
which appears between resonance frequency and antiresonant frequency. 



[0055] 

[Effect of the Invention]In [ two or more 1 terminal-pair SAW resonators are 
connected so that the ladder type circuit which has a series arm and a parallel 
arm may be constituted from a surface acoustic wave filter concerning this 
inventionand ] at least one 1 terminal-pair SAW resonatorSince it is considered as 
the range of 0.50lambda-4lambda when the gap length W2 between the tips of the 
electrode finger connected to the bus bar of an opposite hand makes the bus bar 
and this bus bar of IDT the wavelength lambda of a surface acoustic waveBy using 
the magnitude of attenuation by the ripple generated between resonance 
frequency and antiresonant frequency in this 1 terminal-pair SAW resonatorthe 
steepness of filter characteristics [ / near the pass band ] can be improved. 
[0056]In at least one 1 terminal-pair SAW resonator especially connected to the 
series armSince the above-mentioned ripple is moved near the pass band by the 
side of a pass band quantity region when the gap at the bus bar of the above IDT 
and the tip of an electrode finger is made into the range of 0.50lambda-4lambdaBy 
using the magnitude of attenuation of this ripplesteep-ization of the filter 
characteristics by the side of a pass band quantity region can be achieved. 
[0057]In all the 1 terminal-pair SAW resonators connected to the series armSince 
the magnitude-of-attenuation enhancement effect by the above-mentioned ripple 
in all the 1 terminal-pair SAW resonators connected to the series arm can be 
obtained if the above-mentioned gap length at the bus bar of IDT and the tip of an 
electrode finger is made into the range of 0.50lambda-4lambdaThe high region side 
of a pass band can be provided with the surface acoustic wave filter whose filter 
characteristics are still steeper. 

[0058]In the conventional surface acoustic wave filter which connected the 
capacitor in parallel with a series arm resonator. To there having been a problem 
that a miniaturization was difficult and the magnitude of attenuation in the 
frequency area distant from the pass band fell by having added the capacitorin this 
invention. Since such a capacitor is not neededa miniaturization is easy and does 
not produce degradation of the magnitude of attenuation in the frequency area 
distant from the pass band easilyeither. 

[0059]When a UTa0 3 board is used as a piezoelectric substrate in this 
inventionSince the above-mentioned ripple appears notably between resonance 
frequency and antiresonant frequency in the 1 terminal-pair SAW resonator using 
a LiTa0 3 boardthe magnitude-of-attenuation expansion effect by the above- 
mentioned ripple can be used effectivelyand the steepness of filter characteristics 
[ / near the pass band ] can be improved effectively. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) And (b) is a top view showing the electrode structure of the 1 
terminal-pair SAW resonator used in the circuit diagram of a surface acoustic 



wave filter and this surface acoustic wave filter concerning the example of this 
invention. 

[Drawing 2] The figure showing the relation between the gap length W2 between 
the bus bar and electrode finger tip in a 1 terminal-pair SAW resonatorand the 
frequency position of the ripple which appears between resonance frequency- 
antiresonant frequency. 

[Drawing 3] The figure showing the relation between the gap length W2 between 
the bus bar and electrode finger tip in a 1 terminal-pair SAW resonatorand the 
steepness of the filter characteristics by the side of a pass band quantity region. 
[Drawing 4] The figure showing the magnitude-of-attenuation frequency 
characteristic of the surface acoustic wave filter for explaining the steepness of 
the filter characteristics shown in drawing 3 . 

[Drawing 5] The figure showing the impedance frequency characteristic of the 1 
terminal-pair SAW resonator as a series arm resonator used in the surface 
acoustic wave filter of an example. 

[Drawing 6] The figure showing the magnitude-of-attenuation-frequency 
characteristic of the surface acoustic wave filter prepared for the surface 
acoustic wave filter of an exampleand comparison. 

[Drawing 7] The figure showing the impedance frequency characteristic of the 1 
terminal-pair SAW resonator as a series arm resonator used for the surface 
acoustic wave filter concerning the 2nd example of an experiment. 
[Drawing 8] The figure showing the magnitude-of-attenuation frequency 
characteristic of the surface acoustic wave filter prepared for the surface 
acoustic wave filter of the 2nd example of an experimentand comparison. 
[Drawing 9] The circuit diagram of the conventional surface acoustic wave filter 
which has ladder type circuit composition. 

[Drawing 10] The top view showing the electrode structure of the 1 terminal-pair 
SAW resonator used for the conventional surface acoustic wave filter. 
[Drawing 1 1] The figure showing the magnitude-of-attenuation frequency 
characteristic of the conventional surface acoustic wave filter. 
[Drawing 12] The circuit diagram for explaining other examples of the conventional 
surface acoustic wave filter. 

[Drawing 1 3] The top view for explaining the relation of the electrode finger 

crossing width and gap length in the conventional 1 terminal-pair SAW resonator. 

[Description of Notations] 

1 — Interdigital transducer (IDT) 

23 — Antenna reflector 

45 — Bus bar 

67 — Electrode finger 

W2 — Gap 

S1S2 — 1 terminal-pair SAW resonator (series arm resonator) 
P1-P3 — 1 terminal-pair SAW resonator (parallel arm resonator) 
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[§t*Hi] EWtt*«<t:. 

S5f3£Eiitt«t5±^^T*-nTt5yx fro***!!**— 
s^xrnTfc y. ffi^fs^o/^/^-tci^^oT®^ 

/ t- <fcs IS/ C*./ \"- i: l*fi**ffl!l<0/ <77 <- icffiBJ;* 

(DmmZM: LTztZlC, 0. 5 0 ^(DiSHi:* 

[ft5RH2] WIBil?'JISi!lcl«^*tiT^^'J>^<<!: i t, 

— 7*y*/P h-5>Xr f a--9-lCj>l>Ts bu§B/\"7./\"- 

Hffi*i<D$t4S<ha)Kfl)=t i >'yyft\ 0. 5 0A~4 
A<DKHi:*nTt^s W3?^ 1 lclS«<*>3¥'l5£«ffi»7 

[M*JS3] «ibiI5'JIMc*«*;|xti''*T'<t©— 

h7>Xx^-+Kc33UNT. SufB/\"7.M'-<h1EtI*g 
CD5 l c4Ss<i:<DBacO*>-yy# ; , 0. 5 0 A~4 ^(DEBi: 
?nt^5> l»*JJ|2ice«©#tt*iE*:7'f;i>*. 

[ff^4] ttBEBtttttttf* L i T a O3 £<ST- 
35*s ft*Jl 1 ~ 3 ©f5jn*HC|BKC05*14affiaji!7 <f /I/ 

[$|B£<DS**fflftIH!E] 
[000 1] 

[0 0 0 2] 

9 7 6 5*ii*lCtt» *RO-*?*Wtt«lBaft«? 

[0 0 0 3] ±IB«?SJ(e]aSfllR£CD3*tt^®jS7'f /U* 
H9&&BI1 0^#gSLTsRBflT^o 

fJBUlC *WM*S?£LT-*?**SAW#«?S1 
ib\ ttglMKttSJMttS? t LT-aSrfttS A WJ^S?- 



[0004] ±|B-«?» S A WftI?B, El 1 0 KiS 

I DTiBg-To ) 5 1 t. I DT<DiS5ffliJKBfiH*ftf;:S 
MS5 2, 5 3mn. 

[0005] 1 dt5 kj« mmmmjDfaicfe-o-zm 

ZfZ— fctODMXM-5 4. 5 5^ft«= /UA-5 4 

ffi5 6H a®;&etS:£iSi<hiS£-r£:£rR]K. -r&fc-S 
t9^fliJ<D/<7.M'-5 5ffiiJlC[fi)^oT5I«'*tlTl^„ ID 
HKc % / CO t- 5 5 fctt, 5 7 <0-mtf 

t&m&tlTISV, «l»*«)ll«jg5 7«^ A*X/\'-5 4 
ffiiJlC[p)^cT!S«*nTL^o m«Ji5 6, 5 711 S 

[0 0 0 6] ±§B-«?ttS AWttJSdP£l£8{lflil\ 
E9l::^L/c«^lHia^«fiE-r5il<»:l<:J:y. 3*Hfc« 

^<D;*Jl«ia«af#tt^. El 1 1 tc^To 
[0 0 0 7] ±|B«?SlBUt«««*-r%9|lttS1I%7 

<h > SitffiJS XUm £ ifiS. Jt L fc -> X =r U ^ 6 t\Z 

[0 0 0 8] iiifi^jfifl§CD7-f ;u^^1tcoSi 

(Il14^a465/i:46lc, ^11^9-1 6 7 9 3 7^ii?glC 
«x EI1 2lc^-T[HlK*fi)6^*r?.3*14*ffi»7<;U^ 

-imZ-MS AW«1?S 1 , S2<£5'5. SAWfti? 
S 1 1CM5IJICUVXV7 5 S^ffi^i-tlT^^., CCD5t 

y. S AW«S5?S 1 ©S«S5Ml»»AM6«>e.tl, iiifi 
[0 0 0 9] 

9-1 67 93 7^4i«3lC|BK<D^Tt*. 3Vf>^ 
5 S^JfA-r^^S^fe^fci*. 3*14«®ifi!7'r^^0 

tt>mmT&-orc<, s aw«i?s 1 icziv^v 
+t5 8icJ:5S«ftMxtJ)n*n?.ri:i6v >i)fl»^eJin 
fc« % : M*mm&T? % 1 1^ e p«aat s -p 

fc. 

[0 0 10] «^l°]K«fi)6<D3*ttS®5a7'r;L/^T 
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ffiTf^o «foT> ±E5MTfiffilcIBtt<D«fc-M«:. S5U 
WttJS^S 1 KM?JK=l>xV+*5 8£&^L.fc*!§-&s 

[0 0 1 1 ] ±IBOJ: ; 5^iijSwteEfrS«tn/i:MljK»«t 

[ooi2] aiis^wjtJsEfijicte^ 

[0 0 13] 

y » imtMtsfiw mi t-tcftfrv Tms-t m^* 
?siigtt*iiMW- « * ? ica»tD-4s^ » s a w#»? 

5»ttOT»©***A£Lfc£*(i:s 0. 50 A 

[0 0 14] *SMI©ftje<D»BET s W:s WJKfclftBWr 
tlTl**'>ft< 1 -SO— **?»S AWft«?*l»l* 
LTt N S I DTlCfe^T, lKX/^—t. WS&9&6£<0 
M(D±IB^> y 0. 5 0 A~4 ACDKHt^nT 

[0 0 15] £fcs J:y*j£«fcJ»lBTW:* il?iJBaicS 

©Iffi+'+y^O. 5 0 A~4 AOEBii^nTV 

[0 0 16] *^ICJ5^T«. ±faff1H14»t6t LT 
fi, LiTa03, L i N b O3 &£'tf>Eni|MgSSt6 
^ ^*Vl^;loy+fyfQ&*5Sy 

5 i-ff £<D&mVkttm <£ y fc*tel(i1£*l£±l::EEm-;5«g 



icfBKroJ:?^ L i T a O3 WKWBl^Sti*. 
[0 0 17] 

l&W<D&&<DBm] mi (a) «v *»w©-*awH 
Ml (b) li. *HfiS^Jlc33^Tffl^6n^1c»(7)-aS 

?ssa vj&mwmmm&irTjiTymmv&z* 

[0 0 1 8] 01 (a) Ic^-T^aic, #£fi60ijtf)3*14 
[0 0 19] iM^jeaict*. jE^JSWS? £ LTv 

»saw*«?si. S2iw«*nm. & 

WftH^P 1 ~P 3fl««*nT^*. £/c* I 
N6-etli^ffiOUTlC(Ri3b^Ts EI^<7)J:5tc, 

[0 0 2 0] tott, *&mz38^Tl*. a^JBR^SI 

£*>-s, 1 m(ommnmj-£ i <g<Dii?ij»8«sg : F<D* 

[0 0 2 1] ±I3-iiS?WS AW»3S?S 1, S2, P 

1 ~p 3(Dns«jt^x 01 (b) ^^Lzmmt 

£0 — S A W#Si^ Ttis I D T 1 

[0022] i d t 1 m?&m*m-zT*Tnmi* 

fftlfc— S>fCD/\*X/<-4, 5^#"T^o M'XM-4lc« 

«»*<D««Bi 6 <o-*ifl«»«*nTfi y v / <x/ 5 

6, 71*. ffl^7Dro/\X/<-5, 4tCfR]^oTii«'*n 
[0 0 2 3] $fc, J5W82, 3li, «»*<DmffiJgW 

JS6, 7Ktc£nup73rn/i:Ja^ 1 d t 1 tfmmztx. « 

466tix Kaffi;«li:»^<ttffi^14^lxyili*n^o 
[0 0 2 4] *#§B^lCii^T«. a»ro±iB-4S?»s 

»7^;l/^lC*S^T, '>*<<!: i t 1 ^<73-0s5??«rSAW 

»js?w i DT0/u/*;-t, wmn-£te&.timo> 

^W2 6\ 5*tt«ffi»cD^fi*A<!:L/i:<!:*lc. 0. 5 
0 A~4 A<Oi5lll<!:^nT*3yx -f-ftU: «fcoTaiia*« 
CDBlSEffliJtC felt * 7 f ;U-S» 1$14©ii<8'titf?B4!> 6 n?>„ 

[0 0 2 5] SBIf 6-2 3 2 6 8 2 ^iifglcl*. Li 
TaQ 3 #6ft*ffiWW*fflL*fc-*?»SAVm« 
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WilCfcWHD—Vm^ti S A vm*g?<Z>m««|j!£E] 1 3 (C 
jjVTo 01 3Tt*x I DT5 1<D— ^ffllCBBM* 

[0 0 2 6] COSteffaWTO* I D T 5 1 iCfctt^H 
*SJE56, 5 7<D35S1SW 1 t. /U/*i-5 4, 55 
£:> *§#^0)/\X/\-^ffi»E*nTU*1lffi*g5 7, 5 
6CD5t4Si:<O^CD*> y 7IW 2 <t<DJ±W 1/W2SS 
S-^0Dfi|i-X±i-rn«\ L i T a O3 Stg^W^ttSS 

7 7SW2 £3M18 w 1 iclt'CT* < ? 5 c: <h lc <fc y „ 

IB U y 7;U©«»*«ft!)T % C <!: Jb^fiBt JnTUS. 
[0 0 2 7] ±|BJfe^fttl5lCBBtt<D<fc5lC s 

»$L<4t>t*A6nTfiy» ±ie*> y y^w 2 » 

[0 0 2 8] dtilc^LT. ±K l Jv7l\f 

r £ C tftM?*5 <b# *.S*lTWc±!E y y ^/U* 

[0 0 2 9] *HfMHre(& -4s5?»S AW«»^IC 
fcfTs 3JMitSW 1 U ±83*+ •> 7IW 2 05 

**xfb*-e* c t ic«fc y , ±fsy y 7/u<djs;£»£ s 
itc*wiLf»*ci*s jwwtcjiwLfc. ens, b 

2^#^LT!K0fl-r5<, 

[0 0 3 0] B2tt. — IHTWS AWttS?lC&l**± 
8B¥-V y 2 ©rfsst, ftSfltttt££A£fl>3ftR 

£<omKc«£T*±ey y 7jKDn««ffi«£<oH«* 

^"To tKNOAiftftAf /f Otts yy^iMMB 
£T * JS»» <t 3*14*® t ©Hffi* 

a f s ft&Mgik* f 0 <b LT««fb* nfcfiiT*«*= 

[00 3 1] B2fre>SESi> x fc<fc3lC, *+7^fiW2 
y y*gW 2 * <75g<bt:: Jfc UT^lb LTl^ 

[0032] fia^ «e?si2iK«ifi)6*wr^3*tt«ffi;a 

Ti^= ftoT, ±Eyy?il'*3**«**:*<T*c 



y 2 c <fc ic J: y v 'J y 

fcttiTt!-* So ftoT. iiil*l«ftlM!l7<r 

[0 0 3 3] 3Wc, *Hfi6fl?jro?!|ittaaB«7'r;U^lcfc 
l^T. il5iJBi!«}S^<7)*> y^fiW2*^b*-B:/j:J« 
^ Jija^iSiaffi'J©7-f;l/^^^«i:'a)^-5lc^b-r 

[0 0 3 4] B3te, B1 (a) tC^L/c3»14a®)K7 

S A WttS^ 1 S 1 . S 2 tc 33l^T> ±!B*> y ^fiW 2 

Hz) lis fcTFWJ^KLT^iSLfc, -T^tD-Sx B4 

f4H<t 1 0 d B-?$>zm%i&im£<Dm*y * 

(Dii^tti: Lf=o ft-?T> dCDSll«14 (MHz) ««/J%* 

[0 0 3 5] B3^6^e*^«i:3lc, BfiJffiS^SS?^ 
♦iRKLTt^-ias^S A WW*l?tc:fc^i,±SB4 i > y 
•^S w 2 £ , 7 -< ; u ^ <D ii jia^KfeEffliJ lz ts if % i -r ; U 
*1^14©*tttti:<0HHi:fflM*«*y. ^lc. *>y7§ 
ft^O. 5 0 AJ.X±<D«^IC, 

[0 0 3 6] ftoTv «»£D-4S?»S AW^SST-^ 

MA«?««J« LT^*— S A W^Si^Cfc^T 
*+ y ^SW 2^0. 5 0 A J-X± t -rti«\ iijiBWfeJffi 

[0 0 3 7] ±IB4 i > y y«W 2 6M A«fcy** 

<ftyr#*t» Ei3 6^^efr^:j;aiCx y-o^^ 

0. 5 0 A~4 A(75iESli:*n?.„ 
[0 0 3 8] <WC ±fBHJiS«lJ<7)3»tta®»7-<;U-S'<D 

(JB 1 0>m&m) 3 6° Y*y hXetS<0L i Ta03 

bi (a) izukT®3&mm*nm.T%& : ?ic, \mv>— 

Tlis A I %m^tzo 

[0039] mpMxmttmmt z-M^tts aw« 

jS?S1, S2RO : M5'JISfattSS^«I^LT^^-«^ 
»S AWttlfP 1 ~P 3li, ^-n^x WT<DJ:^lc 
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[0040] <D-4irfJ*S AW^l!? S 1. S2 (jt&| 
B8«SS?) • 8 0 «ffi*g22Mi|ii4 0p 

m (10. 5 A), I DTU:fcttS±fB*>y:/ftW2 

= 1 . oa, s**tsromffiji(D*sic= i o o„ 

[0 0 4 1] ©-4£?*JS AWttJI^P 1, P3 (MSI 
BW«fi?) •mtIJicD*t84 0*K SEffi*g35MitS8 0fj 
m (2 OA) , S««S<7)mffiJgcD»= 1 0 0, ft^ 
SW2 = 0. 25A„ 

[0042] <3)-4aB?J* S A W«iS? P 2 (mMXm 
-«WBO!>««8 0», mffi*g^M*S2 0 0pm 

(5 OA) , £IH»C0*S»<DR= 1 0 0. 
W2 = 0. 25Ao 

[0 0 4 3] ±§BCDJ:?fcLT«j£L/c-^?*tSAW 

»i?si, S2 mwmxm:?) <o-r>^-^>x- 

W AT*;*? 'J * ^/U*^SIJll;JS»«!:SttJiJS«»i:<DP^ 
te*ftTC*. E©U'y7/UA*» 5Ptt*iE*7<r/U* 
©iKMW«K*«llc»»*-ft* C £ tc * »J * **fifeflj? 

[0 0 4 4] EI6K, ±IBcDJ;3lcLT«J#;mrc3*tt 

fc, J±«<7)fc»lCs ±E-*HST»S AWttl&fS 1 . S 
2 (OBUMftS?) tcfctf**>-y7IIW2£. W2 = 

0. 2 5 a <t Litz.£*m.*Ttts ±imfoffltmmz 

6 tcHMgT'jjVTo 06fr5^6 frfcJ: *5S8S0!IK 
cfctl«\ -fifths AWftI? S 1 . S2(cfeW-*±IB 

[0045] (*2<0*ll«) -*Hff»SAW««?S 

1 , S 2&tfM5USi!#iJFF <!: LTCD-4ir?*f S A 

?P 1~P3CD«J$*TfBcDJ:3U:£MLfcC<t£l&^ 

[0 0 4 6] (D-ISrffctS AWftI?S 1 , S2 (BfJ 
MftH?) -lit©»»8 0^ ««*g£Mi|>S4 0 m 
m (1 0. 5 A) s *>77SW2 = 2. 0 A x £*H§ 
tDUffiJg©*a= 100. 

[0 0 4 7] ©— tSlffit*SAW#JS?P 1 , P3 

m (2 OA) , £WfgCDttffiJgCD*:»= 1 0 0. 
®-0||?»SAW*«6?P2 (ttftMttlfi?) •••«■» 
©*t»8 0^ ffiffiJi£M<i2 0 Opm (5 OA) , 
+ 7ygW2 = 0. 2 5 A, SWSlctJlt^llffiJgW* 
»=100. 

[0 0 4 8] m2<Dnmmimz&v£mm%i7'()\'*<o 
m?mxm?t lt^-js^ws a vmm?s 1 coo 



& j; •? \c s^ep b tvtt-t ? yivt^^mm^^mic 

■< )\>$ <»7 < /u^ttttttS^T* ilifi^SESisEffliJco&ia 

[0 0 4 9] E18©H«gli, ^QJtttffKCffSWttS 
E»7</l/*CD3)t«jg;£»^£^-ro 08(0 
58*11*. mi <DSIJ»^JlC*i^Ti±t5ro/c46lCfflitL/c:3* 

[0 0 5 0] S£^T> S^CD^SSflJKfc^T^ «?J»& 

t^er-ntmat LT^z-t&tt s a wjsjs^ s i . s 2 

[00 5 1] 35:33, m6J&Zfg\8<Dit&fr<=>. St1 CD* 
KflJcD^ltSS^^USKJt^T, m2cDH^Jlc^ 

m 1 ommmictt^x. m2v>&mmia%z>&v£m. 

*fS AW#*g?S 1 , S 2<DiJv7)MDmm&tfM<ft 

[0 0 5 2] fcfc, *1, m2CDH^JTli. 3 6° Y 
t)V hXmmcOL i Ta03 WS*ffl^fc^ 3 6'W 
fl-CDfty h-ftCDL i Ta03 S^ffll^/cH^lCfc^T 
t±iBt|5HicDS»^6M§en^o *MKc&li 

[0 0 5 3] 3=*:. ±iB£l, m2cD*fiSWc?li. £T 

ommm^mTias^-z, ^77"iw2^o. 50 a 

W±<i: Lfzt\ it 1 ocDififiJ»5ftffi?lc33^T 

y 0 . 5 0 A W± i: * titi«\ SiSfiJ»a«lS 

? ic fc ^ t xm® m& t s &m® <t <dh ic^r 

U -y^l/^ipJfflLTv ±sBHJfi«iJ<tl^«llcJiia^^ig! 

1 OCDS AW«}S?lCt5tNT. ^+776W2^0. 5 
0 AfcLt7»ttf*"Ja\ 

[0 0 5 4] T*"6lCx iiyjffilftSS^lcPS^tl-r. M5'J 
BaW«?^»li5K L T ^ *— S A W«^IC fc^T 
fe. ±sB4 i > >y 7"IW 2^0. 5 0 A «±frtl^ 
jSjg;fii»<!:SttffiJS»»<!:CDP^lc«n^ U y y/KDffiH 

« 7 -f ^l/'S'^ttcDii^^S^if So 
[0 0 5 5] 
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fflaw-jss^ s a w«si? &&m*m:t$ y . < 

S;A<D-»SA<!:Lfci:*tCv 0. 5 0 A~4 A(DffiH<!: 
artl7V*fc«>, I£-!^ttSAW#^Hcfc^T#lS 

[0 0 5 6] fctfu HWKicaMBSftT^S'Xl: < 
1 OO— 4ir?ttS AWAS^IC^T* ±IBI DT<D/\* 
X/^-ittffiftOi'cSSiKD^y'V^O. 5 0A~4A 

[0 0 5 7] ffi9JB»U:£ffi7*ttTl^£T<7>-4iH 
^SAWttSi^lCteO^Tx I DT ©MX 
©$ta£<h<D±f3*>-y:7'fi£0. 5 0A~4A©eB<h 

-rnii\ a^jwtc^s-nTL^^Tro-is^sAw 

[0 0 5 8] BWIiJtlBTJcStWlcaVxVy-* 
ttJjDLfcC<hlc<fcy. 'J*SHbtfH*T»*.K fr-Piiifi^ 

[0 0 5 9] *5£B.mcfc^T«\ E*1£Stt£L 

TL i Ta0 3 «tS£fll^/ci§^ L i T a O3 mfa* 

m^tc-ix^tts Awtt^icfc^T±i3'j vyiitom 

±IBy>yy;nc«fc****tt^«i**as»lcjfiJffi-r« 
[121] (a) Rtf (b) *$S0£tf>*fifeWc«%3¥ 



Ho 

[isi 3 ] — s a wttjs^ icfcHt ^/ \*-<tma 

[04] 03K^Lfc7<>U*1ttt(Dm&14*I&0.8-t* 

Ho 

[0 5 ] mmmvwvt&wxiy ■< tc&vTm^zti 

> tf- -«j»«kwit*isr Eo 
[0 6] &mmco&vtmwjsi7-<>\'*'BLVtb%t(Dtz6t>[z 

th. 

[E7] m2<Dmm9nm^i±mm : A7^^'Sncm^ 
znrcmymxmTt ltw-ss^w s a w#«y©-r 

[08] M2WII|j|<5iJ©3*14affi»7'f;U^RO : ]t«0 

[09] «^[£]K«fiE**-r5^3R«3*1±*ffi-»7-f 
/1/*©Ie]S&0o 

[0io] '&*<»&vtmmm7 -ovzizm^ztiz^z 

[011] ft*©&tta0&7^U*©;£**Jil;S»*3 

[012] St3R<7)3¥tt*ffi»7 -f /l/*©ffe©0!l£UlHfl-r 
£ 4&©H]!i&0. 
[013] &*©-!«?» S A W#S^l£fclt*1Mif§ 

1-^>$-Tyf/l/h7VX72-+f (I DT) 
2, 3 

4, 5-/tX/*— 

6, 7 - mm 

W2-ff77 

SI. S2--W»SAW«lf (iS9J»i!«Si?) 
P1~P3 • — S A W»S? (M^JBSttffi^) 
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